Antimicrobial drug residues have emerged as one of the public health problems worldwide. In this study, a modified sensitive liquid chromatography mass spectrometry (LC-MS) method to detect the "Oxytetracycine" (OTC) levels in ready-to-eat beef meat in Tanzania was evaluated. Beef samples were extracted in acetonitrile in ethylenediaminetetraacetic acid (EDTA) buffer (pH 4), followed by cleaning up with Supelclean ENVI-carb active coal and a stream of nitrogen gas. The wavelength of the diode array detector (DAD) was set at 275 and 355 nm. The detection limit of the method was calculated as 18.2 ng/g and the recovery rate of OTC was 78.6%. A total of 45 ready-to-eat beef meat samples were analyzed, with 16 (35.5%) and 29 (64.5%) barbequed and boiled samples, respectively. Of the 45 samples, 35 (77.8%) samples had OTC residues while 9 (25.7%) samples had violative residue levels above the maximum residue limits recommended by the Food and Agriculture Organization and the World Health Organization. The highest concentration was 545.2 ng/g. Therefore, withdrawal period and proper use of antibiotics for animal production should be of concern as consumers are at risk of adverse effects due to consumption of unacceptable levels of drug residues and a risk of developing microbial resistance. To the best knowledge of the authors, this is the first study to evaluate LC-MS method to detect the OTC levels in ready-to-eat beef meat in Tanzania.
INTRODUCTION
Antimicrobial drug residue in animal products is an increasing public health problem worldwide. One of the major areas of interest is investigating the proper use and monitoring of antibiotics usage to prevent contamination (Alica et al., 2003) . Questions have been raised about the drug label, discard times as several drugs are retained in *Corresponding author. E-mail: fmgonja@gmail.com. Tel: +255756782428.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License animal bodies longer than indicated by the manufacturer (Seymour et al., 1988) . Improper administration of antimicrobials by farmers and veterinarians without observing the withdrawal time for treated animals may not only result in antimicrobial residues in meat but may also contribute to the development of microbial drug resistance and spreading of drug resistant bacteria that may result in serious health consequences (Booth, 1988) . Human health problems that could arise from the consumption of unacceptable levels of OTC residues in meat include gastrointestinal disturbances, hypersensitivity, bone and teeth problems in children and development of bacterial resistance (Larkin et al., 2004; Shankar et al., 2010) .
The problem regarding tetracycline residues is very common and has to be addressed accordingly, since tetracyclines are the commonly used antimicrobial drugs. With this regard the Food and the Agriculture Organization (FAO) and the World Health Organization (WHO), 2004 recommended the maximum residue limits (MRLs) to be 200, 600 and 1200 μg/kg in muscles, livers and kidneys, respectively. For the analysis of tetracyclines levels, various methods have been reported in the literature mainly due to difficulties related to differences in physico-chemical properties between families of compounds (Kaufmann, 2009) . Methods for the detection of tetracyclines are many but a more specific method such as HPLC is the efficient technique (Loksuwan 2002; Cinquina et al., 2003) . The method efficiency is based on multi-detection on liquid chromatography coupled with tandem mass spectrometry (Bohm et al., 2009) .
Residues are ordinarily measured on uncooked tissues. It is also important to monitor the levels of drug residues in both raw and ready-to-eat foodstuffs. Studies have shown that temperatures have effect on the levels of drug residues (Salah and Ali, 2013) . It is even more important to analyse the levels of OTC residues and to evaluate if residues levels can be reduced by cooking procedures (Ibrahim and Moats, 1994) . So far, there is limited literature about the effect of cooking on levels of residues and this creates a scientific gap of knowledge which needs to be addressed in Tanzania. Therefore, the objective of the present work was to modify and validate a simple and sensitive LC-MS method for analyzing Oxytetracycine (OTC) residues (Froehlich, 2013) . The validated method was applied to determine the levels of OTC in ready-to-eat beef meat samples.
MATERIALS AND METHODS

Samples
A total of 45 ready-to-eat beef meat samples were randomly collected from different areas in Dodoma, Tanzania (Majengo Sokoni, Mnadani, Chakonichako, Rozi Garden and Bahama Mama). The samples collected were already prepared as barbequed "nyama choma" or boiled. These two methods of preparation were selected because they are most practiced in Tanzania. Antibiotics-free meat samples (blank matrix) were collected from the Central Veterinary Research Institute of Zambia. The blank matrix samples were barbaqued or boiled before extraction.
Sample pretreatment and extraction
The samples were kept at -20°C until analysis and were allowed to defrost at room temperature. A representative portion of the defrosted sample (10 g) was weighed and mixed with 25 mg of EDTA per gram sample. The sample and the EDTA were homogenized for 1 min using a blender. The blended sample was further ground using a mortar and pestle. One gram of homogenized sample was accurately weighed into 15 ml polypropylene centrifuge tubes. To the sample, 10 µl of 10 µg/ml carbamazepine D10 internal standard solution equivalent to 100 ng/g concentration was added.
Five milliliters acetonitrile were added to the sample and vortexed for 1 min. Each sample was centrifuged for 10 min at 7000 rpm and the supernatant was collected into a separate 15 ml centrifuge tube by decantation. 5 ml acetonitrile were again added to the residue and vortexed for 1 min. The samples were then centrifuged for 10 min at 7000 rpm. Both supernatants were combined in a 15 ml centrifuge tube bringing the total volume to 10 ml. All samples were briefly mixed using a vortex and dried under a stream of nitrogen gas to 2 ml, according to Froehlich's HPLC method (Froehlich, 2013) .
Sample clean-up by Supelclean ENVI-carb active coal
After drying each sample to 2 ml, 0.5 ml of HPLC grade water and 30 µl of formic acid were added, making the mixture 1.2% acid. Then 15 mg of Supelclean ENVI-carb active coal was added to all the samples and mixed for 30 s using a vortex and centrifuged for 10 min at 7000 rpm. The supernatants were collected into separate 15 ml centrifuge tubes and dried to 0.5 ml. The dried samples were then transferred into HPLC vials washed with 0.02 mol/L EDTA solutions and injected into chromatographic system (Froehlich, 2013) . The HPLC analysis was performed in 23 min.
Sample analysis by LC-MS method
The HPLC was equipped with DAD detector and mass spectroscopy (Model Agilent Technologies 6130 Quadrupole LC/MS) to target the flowing parent ions using Single Ion Monitoring (SIM) mode 461 mass per charge ratio (m/z) for OTC. The analytical column was reversed-phase Eclipse XDB C-18. 4.6 × 150 mm set at a flow rate of 0.5 ml/min. The column temperature was 25°C. Mobile phase A was HPLC water with 0.1% formic acid and solvent C was Acetonitrile with 0.1% formic acid. The starting mobile phase composition at 0 min was 85% Water: 15% Acetonitrile at 0.5 ml/min. The wavelength of the DAD detector was set at 275 and 355 nm, respectively. Internal calibration curves were prepared by spiking the blank matrix with pure chromatographic standard solutions in the range between 200 and 2500 ng/g injected for each compound and estimates of the amount of the analytes in samples were interpolated from these graphs.
Validation
To test the analytical method trueness, 14 samples were prepared. Each contained 1 g of homogenized muscle tissue of the negative control sample (blank matrix). Seven samples were spiked with 20 µl of 10 ng/ml solutions, equivalent to 200 ng/g of analyte. Seven samples were spiked with 250 µl equivalent to 2500 ng/g of the analyte. All samples were processed using the described LC-MS method.
Preparation of standard stock and working solution
A stock standard solution of OTC compound was prepared by dissolving 10 mg of the compound in 10 ml of methanol to obtain a final concentration of 1 mg/ml. The stock standard solution was then put in amber glasses to prevent photo-degradation and stored at -20°C and left to stabilize for at least 4 weeks. They were then diluted with 95% water: 5% acetonitrile to give a series of working standard solution of 200, 400, 800, 1200, and 2500 ng/g.
Recovery experiment
Samples recovery was determined with blank bovine muscle spiked at 200 ng/g. To test the recovery, 10 samples were prepared that contained 1 g of homogenized muscle tissue of the negative control. They were spiked with 20 µl of 10 ug/ml spiking solution equivalent to 200 ng/g of the analyte. Four samples were used to calculate the recovery mean and six samples were used to calculate the recovery-corrected content.
Data analysis
The data were analyzed using Epi Info (version 7) (Centre for Disease Control, Atlanta, USA). The association between different categorical and continuous variables was determined by the Fisher's exact test. One-way analysis of variance (ANOVA) test statistic was used to determine any significant differences in the mean residue levels of oxytetracycline; a probability of P < 0.5 was considered statistically significant.
RESULTS AND DISCUSSION
Calibration of OTC standard
OTC standard powder was accurately weighed and dissolved in methanol to make the stock solution and several serial dilutions of the stock solution were made and injected to the LC-MS to plot the standard curve of linear R² value = 0.9971 within the range of 200 to 2500 ng/g (Figure 1 ).
Samples recovery
The recovery rate of OTC was 68% (Table 1) , while the recovery-corrected rate for the samples were 78.6% ranging from 64.8 to 86.9% (Table 2) . For repeatability and reproducibility, data were obtained by extracting 7 replicates on three successive days at two concentrations of 200 and 2500 ng/g; with coefficients of variation of 6.60 to 10.60% and 6.30 to 10.60% for OTC, respectively. Results of this study revealed that the repeatability and reproducibility were corresponding to the validation methods done by Biswas et al. (2007) . LC-MS technique was employed to determine the levels of OTC in ready-to-eat beef meat samples in Dodoma, Tanzania. In this method, carbamazepine D10 was used as internal standard to correct internal and external error. The detection of OTC residues levels was done by using LC method with MS detector. This is because OTC can be successfully determined using LC with MS detector in various matrices. Adequate treatment of samples during extraction was done in order to obtain maximum sensitivity of OTC and to reduce matrix interference. The samples were considered positive for OTC if their retention time and peak corresponded to that of the reference standard. The retention time of the standard was at 3.624 min. The chromatographic peak increased with increase in concentration of the standard The limit of detection (LOD) is the lowest concentration which can be qualitatively measured, and is defined as the concentration at which the signal-to-noise ratio of the corresponding signal is 3-to-1. In this study, the LOD B10 is the mean recovery. B15 is the replicate 1. Hassani et al. (2008) . The limit of quantification (LOQ) is the lowest concentration of analyte which can be quantitatively measured and was 54.6 ng/g. Figure 2 shows LC-MS profiles of the OTC obtained from the blank beef meat samples, blank beef samples spiked with 400ng OTC, standard solution and spiked beef meat samples.
Results indicate that of the 45 beef meat samples analyzed 16 (35.5%) were barbequed samples and 29 (64.5%) boiled samples. The observed differences are statistically insignificant (P > 0.05) as shown in Table 3 . Thirty five samples (77.8%) had OTC residues with 26 (74.3%) samples having residues below the FAO/WHO (2004) recommended MRLs. Nine (25.7%) samples had OTC at violative levels above the recommended MRLs.
Of the 9 samples with detectable violative OTC levels, 2 (22.2%) and 7 (77.8%) samples were barbequed and boiled meat samples, respectively. However, the observed differences were statistically insignificant (P > 0.05) as shown in Table 4 . The study findings indicate the need for one health strategy to enhance the optimal health for humans, animals and the environment.
Mean concentration of OTC residues in barbequed and boiled samples were 130.67 ± 96.6 and 361.96 ± 69.40 µg/kg, respectively. The concentration of OTC residues from each sample is shown in Table 5 . This study shows higher proportions of oxytetracycline-positive samples than those reported in other studies (Addisalem et al., 2012) and Bedada and Zewde (2012) . Studies have reported varied drug residues in raw meat samples, 41.2% (Mmbando, 2004) (Stolker and Brinkman, 2005) , 50% in Iraq (Tajick and shohreh, 2006) , 21% in Ghana (Donkor et al., 2011) and 71.3% in Ethiopia (Addisalem et al., 2012) . From Ghana, Donkor et al. (2011) and Mmbando (2004) reported 21 and 41.2% oxytetracycline residues in muscle tissue were relatively low compared to levels seen in the current study. These results reported here are consistent with those previously reported by Nonga et al. (2013) from Tanzania and those by Addisalem et al., (2012) from Ethiopia of 76.4 and 71.3%, respectively. The presence of OTC residues in the ready-to-eat meat observed in the present study is a clear indication that drug residues are not destroyed by heating/cooking. The reasons might be due to the method used, time of cooking and type of tetracycline (TC) used. Several studies reported the effect of heat on foodstuffs. Nguyen et al. (2013) have reported that heat treatments were shown to reduce the concentration of drug residues level in foodstuffs, therefore decreasing the toxic effects to consumers. Javadi (2011) and Gratacós-Cubarsí et al. (2007) showed reductions in the concentration of doxycline (DOC) and OTC residues level after different cooking processes. A study by Al-Ghamdi et al. (2000) also indicated that cooking by boiling decreased OTC, Chlortetracycline (CTC) and DOC levels in meat and liver.
Conclusion
A simple, rapid and sensitive LC-MS method for the detection of OTC levels in beef meat samples was evaluated. The method was capable of detecting residue and non-residue meat samples. A significant proportion of ready-to-eat beef meat samples (25.7%) had OTC level above the FAO/WHO MRLs of 200 μg/kg. This indicates that animals are slaughtered without giving adequate withdrawal period or misuse of antibiotics for animal production in Dodoma region, Tanzania. The consumers of ready-to-eat beef meat are at risk of adverse effects due to consumption of unacceptable levels of drug residues and a risk of developing microbial resistance.
The study findings signify the need for the One Health approach for effective surveillance of drug residues in foodstuffs. Therefore, withdrawal period and proper use of antibiotics for animal production should be a public health concern given that the One Health approach aims to attain the optimal health for humans, animals and the environment. To the best knowledge of authors, this is the first study to evaluate LC-MS method to detect the OTC levels in ready-to-eat beef meat in Tanzania.
